Tumor necrosis can be induced in transplanted mouse methylcholanthrene-induced sarcoma by a tumor necrosis factor in the serum of mice infected with bacillus Calmette-Guerin and given bacterial endotoxin. Sera from normal mice, endotoxin-treated mice, and mice infected with bacillus Calmette-Guerin do not contain this factor. A 20-to 30-fold purification of the serum factor has been achieved by (NH4)2SO4 fractionation, Sephadex Fig. 1 . No significant difference was found between normal and endotoxin-treated mice. Sera from the mice infected with BCG or infected with BCG followed by endotoxin showed increases in the a-globulin region and in the region between the ( and y globulins.
phoresis. Tumor necrosis factor is not bacterial endotoxin. It migrates with a-globulins, is made up of at least four subunits, and has a molecular weight of about 150,000. The active factor is a glycoprotein that contains sialic acid and galactosamine.
Carswell et al. (1) have described a tumor necrosis factor (TNF) that is found in the serum of endotoxin-treated mice that had been infected with bacillus Calmette-Guerin (BCG). TNF is not interferon and is not pyrogenic for rabbits. Serum containing TNF induces necrosis in a variety of transplanted mouse tumors, with no toxic effect upon the tumor-bearing recipient. In the standard assay for TNF (1) , virtually all tumors become grossly necrotic within 24 hr of TNF administration, and about 20% of these regress completely. Two transformed cell lines in culture were also inhibited by TNF whereas cultured mouse embryo cells were not (1) .
This report concerns the partial purification and preliminary characterization of TNF from mouse serum.
MATERIALS AND METHODS
Preparation of Mouse Serum Containing TNF. CD-1 female Swiss mice weighing 35-40 g were. injected intravenously with 2 X 107 viable BCG organisms (Tice strain) obtained from the Institute for Tuberculosis Research (University of Illinois Medical Center, Chicago, Ill.). After 14 days, 25 ptg of endotoxin (lipopolysaccharide W from Escherichia coli, Difco, Detroit, Mich.) was injected intravenously, and the mice were exsanguinated from the axilla 2 hr later. Con Fig. 1 . No significant difference was found between normal and endotoxin-treated mice. Sera from the mice infected with BCG or infected with BCG followed by endotoxin showed increases in the a-globulin region and in the region between the ( and y globulins.
Changes in Serum Enzymes. Table 1 shows that enzyme levels in endotoxin-treated mice were essentially similar to those of normal mice, with the exception of a small rise in lysozyme. The serum of BCG mice displayed marked elevation in all the enzymes measured; four of these-acid phosphatase, f3-glucuronidase, 0-glucosidase, and a-galactosidase-are lysosomal. In the BCG-endotoxin-treated group these elevations (with the exception of alkaline phosphatase) were even more marked. NADase, which is normally bound in microsomes (12) , was present only in the serum of the BCG-endotoxin-treated mice. As we have shown previously (1), TNF was demonstrable only in serum of BCG-endotoxin-treated mice. Similar trace amounts of endotoxin (Limulus assay) were found in all four pools, indicating that TNF is not endotoxin.
Partial Purification of TNF Obtained from Serum. All steps were carried out at 4°. Glassware was steam-sterilized at 2500F (1210C) for 20 min, and solutions were autoclaved.
Sephadex gels were equilibrated and rinsed with 10 volumes of sterile 0.01 M potassium phosphate buffer, pH 7.0 containing 0.15 M NaCl (phosphate-buffered saline).
A typical purification of TNF was as follows: 80 ml of TNF-rich serum was diluted with an equal volume of sterile 0.15 M NaCl, and 36.8 g of (NH4)2SO4 was added with con- (Fig. 4B) . Periodic acidShiff stain (Fig. 4G) , showed that this area contained carbohydrate. Extracts from gel segments in the B region were reelectrophoresed. One gel was stained for protein (Fig. 4D) , and the B segments of the remaining gels were sliced into four 1-cm segments. TNF assay showed activity in the top two segments (G-200-II, BI and B2). When the extracts from the B1, B2, B3, and B4 segments were re-electrophoresed, the patterns shown in Fig. 4 (gels E, F, G, and H) were obtained. The most cathodic protein (B1) separated into four bands, B2 into three bands, B3 into two bands, and B4 migrated as one band.
To determine whether the protein fractions, generated when G-200-II-B was electrophoresed, were separating on the basis of charge or of their molecular weight, aliquots of G-200-II, G-200-II-B1, G-200-II-B2, and G-200-II-B1 were electrophoresed on cellulose acetate strips. Fig. 5 shows that BI, B2, and B3 migrated as the a-globulin of the whole G-200-II fraction. Thus, these fractions may be separating on the basis of their molecular weight when electrophoresed on the polyacrylamide gels. 16.5 hr. All the TNF activity was found in the pellet. The g-force produced by this speed sediments proteins of Mr 150,000 or more. These data are summarized in Table 2 .
Preliminary analysis of some chemical and physical characteristics of the G-200-II, B1-B2 mixture have been carried out. TNF activity was not lost after 1 hr at 56°but was completely lost after 1 hr at 70°C. Repeated freezing and thawing did not inactivate TNF. All preparations contained be- 
DISCUSSION
The scheme used to isolate TNF is summarized in Table 2 . Our data show TNF is present in a glycoprotein fraction with the electrophoretic mobility of a-globulins and a molecular weight of approximately 150,000. Acrylamide gel electrophoresis yields evidence that the molecule is a polymer, composed of at least four subunits with different molecular weights. Fig. 4 shows the TNF activity is located in two bands in the central segment of the gel. Re-electrophoresis of band 1 on polyacrylamide yields four bands which migrate as a-globulins during cellulose acetate electrophoresis. This suggests that the protein in band 1 dissociates into subunits having the same electrical charge but different molecular weights.
The evidence presented here indicates TNF is not endotoxin. Thus, TNF gives only trace reactions in the Limulus assay; TNF lacks the sugar 2-keto-3-deoxyoctonate (22) and the fatty acid 3-D-myristo-myristic (23) which are characteristic of the lipid A moiety of bacterial endotoxin (23) .
What is the cellular source of TNF? As reported here, BCG-infected mice show a general rise in serum levels of enzymes, particularly those that are abundant in lysosomes of activated macrophages. The levels of these enzymes are increased still further in the serum of BCG-infected mice in shock after injection with endotoxin. There are now many indications that macrophages, activated by BCG or endotoxin, acquire discriminating toxicity in vitro for transformed cells as compared with normal cells (24, 25, 29) . Because TNF also has shown such selective toxicity (1) we have proposed that TNF may mediate this cytotoxic property of activated macrophages.
How is TNF released into the serum? Mice infected with BCG become inordinately sensitive to the toxic effects of endotoxin (26) . Endotoxin damages hepatocytes and liver macrophages of normal mice (27) , and we have observed pyknosis and disruption of macrophages in the greatly enlarged spleens of mice treated with BCG followed by endotoxin (S. S. Sternberg and L. J. Old, unpublished results). The outpouring of enzymes that accompanies endotoxin shock in BCG-infected mice is another indication of tissue disruption. Especially striking is our finding that NADase, an enzyme normally bound to membranes (12) and absent from serum, is found in the serum of BCG mice after treatment with endotoxin (28) .
Thus, we favor the view that endotoxin causes the disruption of cellular components, i.e., activated macrophages, in vivo and that as a consequence a cellular glycoprotein, identified as TNF, is solubilized and released. If this is true, it should be feasible to prepare TNF directly from the tissues of mice treated with BCG or Corynebacterium parvum.
